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(57) Abstract: An intramedullary nail (20) and related method for fixing a fracture in a long bone. The nail (20) comprises an 
elongate member (22) having a longitudinal axis (54), a proximal end section (32), a distal end section (34) and a solid central section 
(24) extending between the proximal and distal end sections (32, 34). The proximal and distal end sections (32, 34) respectively 
include proximal and distal fastener receiving areas (28, 30) f greater cross section dimrnsions than the central section (24). Each 
fastener receiving area (28, 30) includes at least one hole (50, 52) extending transverse to the longitudinal axis for receiving a cross 
fastener (110) adapted to secure to the bone on opposite sides of the elongate member (22). The proximal and distal end sections 
(32, 34) thereby provide rigid anchoring locations relative to the central section (24) and die central section provides flexibility to 
promote healing of the fracture. 



towsn) MN¥19 39Vd SIH* 



WO 00/72767 



-1- 



PCT/US00/I4840 



PEDIATRIC INTRAMEDULLARY NAIL AND METHOD 

This application is a continuation-in-part of U.S. Application 
Serial No. 09/321,369, filed May 27, 1999, now pending, the disclosure 
of which is entirely incorporated by reference herein and the benefit of 
which is claimed under 35 U.S.C. § 120. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to devices and methods for 
repairing bone fractures, and, more particularly, to intramedullary nails and 
related internal fixation methods especially suitable for repairing long-bone 
fractures in children. 

Description of Related Art 

The use of intramedullary nails in the repair of long-bone 
fractures, such as in the femur, has been known in the orthopedic field. 
Exemplary devices include those known as the Rush and Enders and the 
Kuntschner nails, as well as those disclosed in U.S. Pat. Nos. 5,713,902 to 
Friedl; 5,697,930 to Itoman et ah; 5,573,536 to Grosse et al.; 5,562,666 
to Brumfield; 5,374,235 to Ahrens; 5,312,406 and 5,167,663 to 
Brumfi Id; 5,122,141 to Simpson; 5,066,296, 5,041,114, and 4,776,330 
t Chapman et al.; 4,976,258 to Richt r t al.; 4,875,475 t Comte et al.; 
4,846,162 t Moehring; 4,506,662 t Anapliotis; and 4,475,545 to End r. 
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Ref rring to Fig. 1 , a special problem in pediatric orthopedics 
exists in that reaming through the typical entry point in a femur 10, i.e., the 
piriformis fossa 1 1 , can be too dangerous for the child. This is due to the 
presence of an artery 1 2 that supplies blood to the proximal femur. 
Specifically, this is the lateral epiphyseal artery 1 2 which is a branch of the 
femoral artery. If this artery 1 2 is damaged during the fixation procedure, 
such as while the intramedullary canal is being reamed to accept a nail, or 
possibly during insertion or after insertion of the nail, various complications 
can result. The lateral epiphyseal artery 1 2 supplies 75% of the blood to 
the growing femoral head 1 6. If this artery 1 2 is damaged, then much of 
the femoral head 1 6 will die or necrose. The femoral head 1 6 will then heal 
with an irregular shape which inevitably leads to hip arthritis. 
Various nails, such as flexible Rush nails, are non-interlocked meaning that 
cross fasteners are not used to secure the nail to the bone. These nails are 
often small diameter rods, on the order of approximately 3-4 mm in 
diameter. In addition to being flexible to a significant degree prior to plastic 
deformation, non-interlocked solid nails or rods can be relatively easily bent 
with plastic deformation to a desired shape. A plurality of these nails or 
rods are typically driven into the intramedullary canal depending on the 
support necessitated by the fracture and bone characteristics of the patient. 
Other more rigid solid or hollow nails are interlocked to the bo, e using cross 
fasteners typically at the proximal and distal ends of the hail. Unlike non- 
interlocked nails, interlocked nails require sufficient cross-s ctional 
dimensi ns to accommodat holes necessary for the cr ss fasteners. 
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Currently available interlocked nails can be inserted away from the lateral 
epiphys al artery 1 2 but are so rigid that they migrate during insertion 
dangerously close to the artery 1 2 and can endanger it. In addition, the 
large proximal size of small adult interlocked nails, which have typically 
5 been used in children, increases the potential for damage to the growth 
plate 1 7 at the proximal femur. 

Among possible solutions, retrograde nailing avoids the 
proximal femur but also has at least one potential problem. The nails must 
be introduced close to the distal femoral growth plate or physis 19 (Fig. 5) 

10 at an awkward angle, potentially causing growth arrest distally on the 

femur, i.e., adjacent the knee. An approach through the greater trochant r 
18 is also well recognized, but usually only one small diameter non- 
interlocked nail or rod can be used because of the narrow safe entry zone of 
the greater trochanter. A second small diameter nail or rod needs to be 

1 5 inserted retrograde or through the opposite end of the femur in these 

situations. These small diameter, flexible nails allow flexure after insertion 
and the slightly added stress to the bone allowed by this flexure promotes 
faster bone healing. These non-interlocked nails work well for transverse 
fractures. However, spiral or comminuted fractures often need additional 

20 external support, such as with a cast or brace, this is due to the inability 
of the non-interlocked nail to effectively prevent rotation or length 
compromise at the fracture. 

It would therefor be desirable t pr vide an int rlocked 
intramedullary nail, especially suitabl for pediatric use, which provides 
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flexibility along a majority of the length of th nail to facilitate faster healing 
of a fracture, but which also provides for secure interlocking of the nail to 
the bone with cross fasteners to prevent compromising the fracture due to 
rotation or shortening at the fracture site. Ideally, such a nail and related 
5 methods of insertion would minimize trauma to the growth plates of the 
femur as well as the arteries that supply blood to the proximal end of the 
femur while still allowing easy insertion and fixation within the 
intramedullary canal. 

SUMMARY OF THE INVENTION 

10 In one general aspect, the present invention provides an 

intramedullary nail for insertion within an intramedullary canal of a long 
bone and fixing a fracture in the long bone. The nail is especially suitable 
for adolescent or preadolescent aged children, however, the nail may be 
useful in other orthopedic applications as well. The nail generally comprises 

15 an elongate member having a longitudinal axis, a proximal end section, a 
distal end section and a solid central section extending between the 
proximal and distal end sections. The proximal and distal end sections 
respectively have fastener receiving areas of greater cross sectional 
dimensions than the central section. The fastener receiving areas each 

20 include at least one hole extending transverse to the longitudinel axis of the 
elongate member for receiving a cross fastener adapted to secure to the 
bon on pposite sides of th I ngate member. Th proximal and distal 
nd secti ns provide rigid anchoring locati ns relativ t th c ntral section 
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and the central section provides flexibility to promote healing of the 
fracture. 

In the preferred embodiment, the central section of the 
elongate member is curved in the sagital plan. t0 3e „, r a„ y follow 

5 ~* ° ' "» ~ - »« end sections are ben, ou, of 
this plan, and form acute an 9 ,es wift respect to ft. sagita. P „„,. Th . 
proximal and dista, end sections are each ben, iaterallv to one aide of ft 

ben, depends on whether fte „ai, wi,l be used in a right or left femur and 
' a,so allows easier insertions across the fracture. The bend of ft. dis,a, end 
secion altows fo, easier insertion of ft. nai, frorn an inseftjon 
extending ftrough , he greater tiochamer 0 f ft e ,. mur . Tne „ ^ 
proximal end secion ensures that ft, proximal ,|p is pr . sent ^ direct|y „ 
the insertion pcin, after fixation so fta, * may be easily accessed for 
removal purposes upon healing of the bone. 

I" Ueneral. a meftod of fixing a fracture in a long bene of a 

patien,. in accordance wift fte invemion. includes providing an elongate 
member having a so«id centra, secion wrft a cross sectional dimension and 
havmg proximal and distal fastener receiving are,, of increased cross 
"Ciena, dimension relative ,. ft, cross section,, dimension o, ft. centi,, 
section. Th. fastener receiving area, each have at leas, one hole extending 
trensver^ ,. a longitudinal axl, of ft, ..ongat. member, The method 
inv.v Minswtin8 ft . te „g at . membn . nt th . intr8nldul|afyeana( ^ 
' "9 b ne ,hr ugh an insertion point and across ft freeze and ins rting 
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cro ,s fasteners through each of the holes and into the bone on opposite 
side s o. the e,on 9 ate member to fix the fracture o, the long bone against 
rotational and lengthwise movements. 

The bone nail and method of this invention allow the surgeon 
t0 ^er avoid the crWca, arteria, blood supply to the femora, head which 
e.osses a, the piriformis foss,. i.e.. the tradKiona, point of entry for an adult 

distinctly lateral o« the critical region of the piriformis fossa. The very 
vulnerable growth plat, between ,h. greater trochanter and the femora. 
0 necic is a,so avowed using the nai, and entry point * accordance wr* this 
in ver«.on. Another uniou. feature of the invention is the abiiiry of the bee 
ra , to be flexibie, ye, custom ben, to match the exact geom«ry of th. 
proxima. femur, while also allowing interring with cross -asteners. In 
^ th. preferred inventive nei, provides interlocxabiiity. a relativ* 
, , srMl , solid cross section to provide «.xur. along a, lees, the maiorHy of th. 
• ' ^ of th. nai, and ma.le.bimy to allow custom b^din, .sp.cMy « *• 
proximal end. 

Th. f..«.r.. that characterize the invention, both a. ,o 
option and me*od o, operation, together with further object 
20 f ^ur« and advent *ere.«.wi« be b«,« understood from *. 

foxing written description taKen in coniunction wi* the accompanying 

^tion there , « for - P-P- - — " " 

ncintndd^ ad.^nofthe.imtsof* inventi n. Thes and «n* 
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objects attained, and advantages offered, by the present invention will 
become more fully apparent as the description that now follows is read in 
conjunction with the accompanying drawings. 

RRIEF DESCRIPTION OF THE DRAWINGS 

5 Fig. 1 is a perspective view of a portion of a femur including 

the femoral head and the greater and lesser trocantic regions. 

Fig. 2 is a side elevationai view of an intramedullary nail of the 
present invention shown in the anterior-posterior plane. 

Fig. 3 is an elevationai view of the naii shown in Fig. 2, but 
1 0 illustrating proximal and distal bends. 

Fig. 4 is an elevationai view of the nail shown in Fig. 3, but 

rotated 90°. 

Fig. 5 is a schematic view of the step of initially inserting th 
bone nail of Figs. 3 and 4 into a femur. 
15 Fig. 6 is a schematic view similar to Fig. 5, but illustrating th 

nail further inserted across the bone fracture. 

Fig. 7 illustrates a drill rig and fastener inserting rig being used 
to cross fastened the nail after full insertion^ ;. v , v - y f , 

Fig. 8 is a schematic illustration of the fully inserted and cross 
20 fastened bone nail. 

Fig. 8A is a fragmented, partially sectioned view of the distal 
end secti n of the bone nail and the cr ss fastener of th pr sent inventi n. 
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Fig. 9 is an elevational view showing one illustrative bending 
device b ing used to bend the proximal end section of the bon nail. 

DETAILED DESCRIPTION 
An exemplary intramedullary nail 20, as illustrated in FIGS. 2- 
4, comprises an elongate member 22. In an embodiment intended for use 
in a femur of a child or adolescent, typically ages 6-14, for example, the 
nail 20 is formed from titanium and has a generally cylindrical shape with a 
diameter along a solid central section 24 of between 4mm and 7mm, 
although this is not intended as a limitation. Central section 24 should have 
a certain amount of elastic flexibility to permit accurate placement within 
the femoral canal as discussed below. Such elastic flexibility, which 
permits some flexure during movement and weight bearing activity, confers 
an additional benefit in that it has been found to stimulate bone healing. 
The nail 20 preferably ends in a rounded, smooth and tapered distal tip 26. 

- The nail 20 has two widened sections or fastener receiving 

areas 28, 30 in respective proximal and distal end sections 32, 34. Each 
fastener receiving area 28, 30 is formed with an increased cross sectional 
dimension relative to central section 24. Also, smooth, gradual transitions 
36, 38 with the central section 24 avoid sharp edges along the length of 
nail 20. The distal fastener receiving area 28 is positioned adjacent to but 
in spaced relation from distal tip 26. The distal fastener receiving area 28 
tapers on both proximal and distal sides thereof. Th pr ximal fastener 
receiving area 30 xtends to pr ximal tip 42; that is, th re is a distal taper 



1 

\ » 
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but no proximal taper, and the widened proximal fastener receiving area 30 
instead continues to the proximal tip 42 and forms the entire proximal end 
section 32. 

Each fastener receiving area 28, 30 includes a generally 
5 cylindrical hole 50, 52 extending generally normal to the portion of the 
longitudinal axis 54 in which it is located for receiving a fastener (not 
shown). Holes 50, 52 preferably have diameters in a range of 3 mm to 4y 2 
mm. 

Proximal tip 42 includes attachment structure 58 for receiving 
10 a driver, described below, which may be a conventional driver used in the 
bone nail art. Preferably, attachment structure 58 comprises a threaded 
axial bore 60 extending along axis 54 and engageable with an externally 
threaded driver. A notch 62 extends across bore 60 and, as is known, 
aligns the driver for purposes of later drilling and cross fastening nail 20, as 
1 5 will be discussed below. As further shown in Figs. 2 and 4, nail 20 is 
curved in an anterior direction along a radius of curvature 70 to generally 
conform nail 20 to the typical femoral curvature. Preferably, this radius of 
curvature 70 is in the range of 30 inches to 60 inches. A proximal bend 72 
and a distal bend 74 are formed, respectively, in central section 24 directly 
20 adjacent proximal and distal end sections 32, 34. These bends 72, 74 ar 
made in the same direction, i.e., laterally to one side of nail 20 or the other 
as shown best in Fig. 3. The solid lines in Fig. 3 illustrate lateral bends 72, 
74 ut f th sagital plan and generally in the c ronal plane at angles A, B 
for inserting nail 20 into a left f mur. Angles A', B' c rresp nding to th 
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respective lateral bends of proximal and distal end s ctions 32, 34, shown 
in phantom, facilitate use of nail 20 in the right femur. As a unique feature 
of this invention, interlocking nail 20 may be custom bent by the surgeon 
just prior to use, not only to facilitate insertion in the right or left femur, but 
5 also to accommodate other particular shapes necessary for a particular 
patient. For example, some patients may have deformities necessitating 
one or more corrective osteotomies or fractures made by the surgeon. 
These osteotomies may also be fixed using nail 20. 

In the preferred embodiment, nail 20 is formed from titanium, 

1 0 although other materials such as those known in the art may be used as 
well. Central section 24 is of solid cross section and at least substantially 
constant diameter with a smooth outer surface to facilitate removal in 6-9 
months. Proximal and distal end sections 32, 34 are also solid, except for 
holes 50, 52, bore 60 and notch 62. As appreciated from Fig. 2, the axes 

15 of holes 50, 52 are coplanar. In order to provide the desired flexibility of 
central section 24, while retaining the cross fastening feature of the 
invention, fastener receiving areas 28, 30 have a cross sectional dimension 
greater than the cross sectional dimension of central section 24. In general, 
central section 24 may be formed with a solid cylindrical cross section 

20 having a diameter of between 4 mm and 7 mm. Fastener receiving area 28 
has a generally bulbous, rounded shape, while proximal fastener receiving 
area 30, which is preferably continuous with distal end section 32, has a 
cylindrical cross sectional shape. At the cross section taken al ng the axes 
of r spective h I s 50, 52, th respective ratios of th cross secti nal 
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dim nsions at these locations is at least about 1.3:1 relative to the cross 
sectional dimension of central section 24. In exemplary embodiments of 
the invention, a nail 20 substantially as shown in Fig. 2, had a cross 
sectional dimension of 5.5 mm for central section 24, an 8.5 mm cross 
5 sectional dimension for proximal end section 32, and also a maximum 8.5 
mm cross sectional dimension at the largest diameter portion of distal 
fastener receiving area 28. This nail was used on children generally 
weighing less than 100 lbs. For children weighing more than 100 lbs., the 
8.5 mm dimensions at the proximal and distal fastener receiving areas 

1 0 remained the same, while the cross sectional dimension for central section 
24 was increased slightly to 6.5 mm to provide additional strength but still 
provide the desirable flexure. 

The insertion and fixation techniques according to the preferred 
embodiment of the invention are best illustrated in Figs. 5-8. In accordanc 

1 5 with the invention, an insertion point 80 is created in the greater trochanter 
18 of the femur 10 of a child, for example, at a distinctly lateral position 
relative to the piriformis fossa 11. Intramedullary canal 10a of femur 10 is 
drilled and reamed in a known manner to accept bone nail 20. A driver 82 
is coupled with proximal tip 42, also in a known manner, and the surgeon 

20 impacts the head 84 of the driver 82 while holding the handle portion 86. 
Bend 74 facilitates better positioning of distal tip 26 upon insertion of nail 
20 by allowing distal tip 26 to naturally follow the intramedullary canal 10a 
relative to the angle of th inserti n p int 80 in th gr ater trochanter 1 8. 
As shown in Fig. 6, bon nail 20 may be rotated in eith r directi n 
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represented by arrow 90 as the distal tip 26 approaches and crosses the 
fracture 92. This allows the surgeon, using fluoroscopy, to more easily 
locate and enter the intramedullary canal 10a of the distal bone segment 
94. After the bone nail 20 is fully inserted, as shown in Fig. 7, a drill rig 
5 1 00 is attached to the proximal tip 42 through securement to handle 
portion 86. The drill rig 100 aligns a drill guide 102 with the proximal 
fastener receiving hole 52 and a drill (not shown) is used to form a hole 
through femur 10 in line with hole 52. A screw driving mechanism 104 is 
then used to insert a cross fastener 1 10 at this location. Using 

10 conventional fluoroscopy techniques, a second hole is drilled and a second 
cross fastener 112, preferably of the same design as fastener 1 10, is 
inserted through the distal hole 50, as shown in Figs. 8 and 8A. More 
specifically, and as represented by distal fastener 1 12 in Fig. 8 A, fastener 
112 comprises a drive head 150, a proximal threaded portion 152, a distal 

1 5 threaded portion 1 54, and a central unthreaded portion 1 56 which is 

received within hole 50. Threaded portions 1 52, 1 54 are securely engaged 
within cortical layer 10b of femur 10. In this manner, bone nail 20 is 
interlocked to femur 1 0 at proximal and distal locations thereby preventing 
undesirable rotational and/or lengthwise bone movements at the fracture 

20 she. In this interlocked or fixed position, proximal tip 42 is presented 

directly at the insertion point 80 on the greater trochanter 1 8 so that, upon 
healing of the fracture! the cross fasteners 1 10, 1 12 may b removed and 
threaded bor 60 may b ngaged to withdraw nail 20 fr m intramedullary 
canal 10a. 
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Although bends 72, 74 may be pre-rnad by a manufacturer of 
nail 20, for xample, the present invention further contemplates a manual 
bending device as shown in Fig. 9. Using this device, nail 20 may be 
placed by the surgeon in a bending device 118 jaw structure comprising 
three rollers 1 20, 1 22, 1 24 with one roller 1 20 acting as a fulcrum and two 
opposite rollers 122, 124 applying forces in the direction of arrows 130, 
132, When the handles 1 34, 1 36 of the device are squeezed together in 
the direction of arrows 138, 140, proximal end section 32 will be bent 
relative to central section 24 to form bend 72 as best illustrated in Fig. 3 
and as previously described. The same procedure may be used by the 
surgeon to bend distal end section 34 just prior to insertion within 
intramedullary canal 1 0a. This aspect of the invention allows the surgeon 
to custom bend these or other portions of the nail 20 to suit the needs of a 
particular patient prior to or during surgery. 

It may be appreciated by one skilled in the art that additional 
embodiments may be contemplated, including similarly designed nails for 
fixing fractures in other long bones of child and adolescent patients. It can 
also be contemplated that similar nails could be useful for animal long-bone 
fractures. 

In the foregoing description, certain terms have been used for 
brevity, clarity, and understanding, but no unnecessary limitations are to be 
implied therefrom beyond the requirements of the prior art, because such 
w rds ar used for descripti n purposes h r in and ar intended t b 
br adly c nstrued. Moreov r, the emb diments of th apparatus illustrated 
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and described h r in ar by way of example, and the scope of the invention 
is not limited to the exact details of construction. 

Having now described the invention, the construction, the 
operation and use of preferred embodiment thereof, and the advantageous 
new and useful results obtained thereby, the new and useful constructions, 
and reasonable mechanical equivalents thereof obvious to those skilled in 
the art, are set forth in the appended claims. 
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What is claimed is: 

1 . An intramedullary nail for insertion within an intram dullary 
canal of a long bone and fixing a fracture in the long bone, the nail 
comprising: 

5 an elongate member having a longitudinal axis, a proximal end 

section, a distal end section and a solid central section extending between 
said proximal and distal end sections, said proximal and distal end sections 
respectively including proximal and distal fastener receiving areas of greater 
cross-sectional dimensions than said central section, said fastener receiving 

1 0 areas each having at least one hole extending transverse to the longitudinal 
axis for receiving a cross fastener adapted to secure to the bone on 
opposite sides of said elongate member, said proximal and distal end 
sections thereby providing rigid anchoring locations relative to said central 
section, and said central section providing flexibility to promote healing of 

1 5 the fracture. 

2. The intramedullary nail of claim 1 , wherein said central section 
is malleable to allow bending of at least the proximal end section with 
respect to the central section. 

3. The intramedullary nail recited in claim 1 , wherein the central 
20 section of said elongate member is curved between said fastener receiving 

areas in a sagital plane transverse t respective ax s of the holes, said 



WO 00/72767 PCT/US00/14840 

-16- 

curved central section thereby adapted to conform with the intramedullary 
canal. 

4. The intramedullary nail of claim 3, wherein said elongate 
member further includes a proximal bend located distally of the fastener 

5 receiving area of said proximal end section, said proximal bend forming an 
acute angle relative to the sagital plane containing the axis of curvature of 
said central section. 

5. The intramedullary nail of claim 4, wherein said elongate 
member further includes a distal bend located proximally of the fastener 

1 0 receiving area of said distal end section, said distal bend forming an acute 
angle relative to the sagital plane containing the axis of curvature of said 
central section and being on the same side of the sagital plane as the 
proximal bend. 

6. The intramedullary nail of claim 1 , wherein the ratio of the 
15 cross sectional dimensions of the respective proximal and distal fastener 

receiving areas at the axes of said holes relative to the cross sectional 
dimension of said central section is at least about 1 .3:1 . 

7. The intramedullary nail of claim 1 , wherein said distal fastener 
receiving area is taper d on pr ximal and distal ends thereof and said 

20 pr ximal fastener receiving ar a is tapered n a distal end there f . 
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3 intramedullary nail of claim 1, wherein the holes extend 

along respectiv axes and the axes of said holes are generally coplanar. 

9. The intramedullary nail of claim 1 further comprising cross 

fasteners respectively received in the holes, each cross fastener having a 
5 threaded distal tip, a threaded proximal shank and an unthreaded portion 
between the threaded distal tip and the threaded proximal shank, said 
unthreaded portion adapted to be received in one of said holes and said 
threaded distal tip and proximal shank adapted to engage bone matter on 
opposite sides of said one hole. 

10 10. A method of fixing a fracture in a long bone of a patient having 

an intramedullary canal, the method comprising: 

providing a elongate member having a solid central section 

having a cross sectional dimension and having proximal and distal fasten r 

receiving areas of increased cross sectional dimension relative to the cross 
1 5 sectional dimension of the central section, the fastener receiving areas each 

having at least one hole extending transverse to a longitudinal axis of th 

elongate member, 

inserting the elongate member into the intramedullary canal 

through an insertion point and across the fracture, and 
20 inserting cross fasteners through each of said holes and into 

said bone n opp site sides of said el ngate memb r t fix the fracture f 

the long b n against r tati nal and lengthening movements. 
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11. The method of claim 10, wherein at least the central section of 

the elongate member is curved in a sagital plane of the patient, and further 
comprising: 

prior to the inserting step, laterally bending the proximal 
5 fastener receiving area of said elongate member at an acute angle out of th 
sagital plane of the patient. 



12. The method of claim 1 1 further comprising: 

bending the distal fastener receiving area of said elongate 
member at an acute angle out of the sagital plane of the patient. 

10 13. The method of claim 11 further comprising: 

laterally bending the proximal fastener receiving area to 
conform to a right femur of the patient. 

14. The method of claim 1 1 further comprising: 

laterally bending the proximal fastener receiving area to 
1 5 conform to a left femur of the patient. 

1 5. The method of claim 1 1 , wherein the long bone is a femur and 
the insertion point is a point on the greater trochanter lateral of the 
piriformis fossa, and the method further comprises: 

laterally bending th proximal fastener receiving area t 
20 c nf rm t the proximal femur of the patient and to pr sent the proximal tip 
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of the elongate member at the insertion point for access and removal after 
healing of the fracture. 

1 6. An intramedullary nailing system for fixing a fracture in a long 

bone of a patient having an intramedullary canal, the system comprising: 

an elongate member having a longitudinal axis, a proximal end 
section, a distal end section and a solid central section extending between 
said proximal and distal end sections, said proximal and distal end sections 
respectively including proximal and distal fastener receiving areas of greater 
cross-sectional dimensions than said central section, said fastener receiving 
areas each having at least one hole extending transverse to the longitudinal 
axis for receiving a cross fastener adapted to secure to the bone on 
opposite sides of said elongate member, said proximal and distal end 
sections thereby providing rigid anchoring locations relative to said central 
section, and said central section providing elastic flexibility to promote 
healing of the fracture, and 

a bending device having jaw structure configured to hold the 
elongate member and bend at least one of the proximal and distal end 
sections at angle relative to said central section. 

17. The system of claim 16, wherein said bending device further 

comprises a pair of manually operable handles coupled with said jaw 
structur and adapted to b sque zed together to move the jaw structure. 



WO 00/72767 



1 / 7 



PCT/US00/14840 



1/7 




WO 00/72767 



3 / 7 



PCT/US00/14840 




INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US00/14840 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(7) :A61B 17/58: A61F 5/46 

US CL :606762, 101 . _ A 

According to lotcroaiional Patent Classification (IPC) or to both national classification and IPC 



FIELDS SEARCHED 



Minimum documentation searched (cUssification system followed by classification symbols) 
U.S. : 4U/383. 389; 606/62-68, 72. 73. 75-77. 95. 101. 104 



Documentation searched other than minimum documentation to the extern that such documents arc included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
WEST 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5,034,013 A (KYLE et al.) 23 July 1991, entire document. 



US 5,019,079 A (ROSS) 28 May 1991, entire document. 

US 4,862,883 A (FREELAND) 05 September 1989, entire 
document. 

US 5,041,1 15 A (FRIGG et al.) 20 August 1991, entire document. 
US 5,035,697 A (FRIGG) 30 July 1991, entire document. 



1-8, 10-15 
9, 16, 17 
9 

16, 17 

1-17 
1-17 



px] Further documents are listed in the continuation of Box C. Q See patent family annex. 


Speoai categories of cited document! "T" l.ter document published after the mttrwaonal f.lu* data * P™*"* 

Amu and not ui conOict with the application but etied to understand 
"A* document defintn* the tciier.il trate of die art which is not conndered ^e principle or theory underly ma the invention 
to be of particular relevance 

•X" document of particular relevance, the dawned invention cannot be 
•E* ear her document published on or after the international fdtna. date considered novel or cannot be considered to involve an inventive step 
*L* document wh.ch mav throw doubts on pr.onty c Until i. or which is wb<n document .s taken alone 

cued to establish the pubheafot. date of another cuauoi. or other <y> lUKM(Mnl of particular relevance; the claimed invention cannot he 
tpecal reason t as specified i considered to .nvolve sn .nvenuve step when Uu document is 
*i>- document rclemng to an oral discloiure. use. exhibition ur other combined with one or more other such documents, such combination 
mt-ni be int. obvious to a person skilled in the art 

*P* .locum em published prior n» die uitcrn-itiotul filme. date but later than document member of the same patent family 


Date of the actual completion of the international .search 
10 JULY 2000 


Date of mailing of the international search report 


Name and inailintt address of the ISA/ US 
Commtssioner of Patents and Trademarks 
Box PCT 

Washington, D.C. 20231 
Facsimile No. (703) 305-3230 


Authorized officer Ci&k — 

PEDRO PHILOGENE 
Telephone No. (703) 308-2252 



Form PCT/ISA/210 (second sheet) (July 1998)* 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/USOO/ 14*40 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


US 4,913,137 A (AZER et al.) 03 April 1990, entire document. 


1-17 



Form PCT/1SA/210 (continuation of second sheet) (July 1998)* 



